Objective: To assess surgical and functional results after corrective reconstruction of malunited, scapula neck or body fractures in patients who presented with chronic pain, limited range of motion, weakness, and gross deformity of the shoulder.
INTRODUCTION
Scapular fractures result from high-energy trauma and are historically treated nonoperatively. Although malunion of the scapula after nonoperative treatment is a universal radiographic finding for displaced fractures, clinical and functional results have been thought to be excellent. [1] [2] [3] [4] [5] [6] [7] Nevertheless, several authors have established that a subset of patients with malunion of the scapula and residual deformity tend to have chronic symptoms with poor functional outcomes. [8] [9] [10] [11] [12] [13] [14] [15] Displaced scapula fractures that meet the criteria for operative treatment are optimally managed soon after injury. Operative criteria may include intra-articular fractures of the glenoid with significant gap and/or stepoff, [16] [17] [18] [19] glenoid neck fractures with greater than 10 to 20 mm of medial/lateral displacement (medialization) and/or 25°to 40°of angulation, 8, 20, 21 patients with a glenopolar angle less than 22°of angulation, 12, 15 and symptomatic nonunions. 22 There is scant literature reporting on patient-based outcomes after operative treatment. 5, [23] [24] [25] In a previous study using objective measures of range of motion (ROM) and strength, and patient-based outcome instruments, including the Disabilities of the Arm, Shoulder and Hand (DASH), 26 and Short Form-36 (SF-36), 27 we reported functional outcomes in 22 patients after delayed operative treatment of displaced scapula fractures between 21 and 60 days after injury. 24 However, there are no reports examining patient outcomes after operative treatment of symptomatic scapula malunions.
We report on the functional measures, including muscular strength and ROM, before and after surgical reconstruction in a small series of patients with malunion of the scapula who presented with debilitating symptoms and dissatisfaction with their shoulder function and appearance after a period of nonoperative treatment.
PATIENTS AND METHODS
Between 2000 and 2008, we identified five patients who presented to our institution with shoulder symptoms associated with a healed, closed, displaced fracture of the scapula neck and/or body. All five patients were referred after initial nonoperative treatment at other centers. In four of five cases, the patients had been seen by between two and four orthopaedic surgeons, who had recommended nonoperative treatment, before discovery of the definitive referring orthopaedist. During that time, all patients presenting to the senior author (PAC) with a markedly displaced fracture of the scapula meeting the criteria for operative management were enrolled in a prospective study to assess the results of open reduction and internal fixation. Relevant clinical information for these patients had been recorded in a database. The study was approved by the hospital Institutional Review Board.
There were three males and two females included in the study with a mean age of 44 years (range, 22-65 years). The original mechanism of injury and associated injuries are listed in Table 1 . Two patients sustained an associated ipsilateral displaced midshaft clavicle fracture, resulting in a floating shoulder or double disruption in the superior shoulder suspensory complex. 28 One patient had bilateral chronic rotator cuff syndrome before his injury. All patients were initially treated nonoperatively with pain management and a sling for 3 to 6 weeks followed by physical therapy for shoulder ROM and strengthening as tolerated ( Table 1) .
The mean time from the shoulder injury to presentation was 12 months (range, 6-36 months). All five patients reported chronic pain and weakness in the injured shoulder consisting of early-onset shoulder fatigability and difficulty with prolonged activity at work or during recreational activities. None of the patients were able to return to their original occupation. Furthermore, all five patients were dissatisfied with the gross appearance of their shoulder, reporting that their shoulder was ''drooping'' or ''sunken in.'' On inspection, in all five cases, the injured shoulder was grossly depressed in comparison to the unaffected contralateral shoulder (Fig. 1) .
Radiographic analyses consisting of the true anteroposterior (AP) or Gracey view, transcapular Y (lateral) view, and axillary view of the shoulder were obtained. In addition to these standard shoulder radiographs, an opposite shoulder AP radiograph and computed tomography scans were obtained for preoperative planning. Three-dimensional computed tomography (3D-CT) reconstructions (Fig. 2) were used to choose the optimal image to mimic the true AP and scapula Y views. From these images, true deformity was measured and objective surgical indications thereby determined. This diagnostic method has been previously described by Armitage et al. 29 All five malunions appeared to result from an initial transverse glenoid neck fracture. An attempt was made to characterize the original fracture based on the deformity of the healed malunion according to the revised Orthopaedic Trauma Association classification 30 and the classification system proposed by Ada and Miller 8 ( Table 1 ). As measured on the AP view of the 3D-CT scan, the mean glenohumeral joint medial/lateral displacement (measured at the lateral border offset) was 3.0 cm (range, 1.7-4.2 cm). The mean angular deformity, as measured on the lateral view of the 3D-CT scan, was 25°(range, 10°-40°). The mean glenopolar angle measured per the technique described by Bestard et al 31 using the AP view of the 3D-CT scan was 25°(range, 19°-29°) versus a contralateral side mean of 39°(range, 38°-40°) ( Table 2) .
Preoperatively, patient questionnaires including DASH and SF-36 were collected along with goniometric ROM and strength for the injured shoulder as well as for the contralateral shoulder. Objective shoulder strength measures were documented in pounds-force using a computerized, dynamometer strapped to the examiner's hand (MicroFET 2; Hoggan Health Industries, Draper, UT). 32, 33 Strength testing consisted of evaluation of maximum strength in shoulder forward flexion and abduction as well as external rotation.
Indications for surgical treatment of a scapula malunion included chronic shoulder pain, shoulder weakness and fatigability, and dysfunction resulting in an inability to return to original occupation and recreational activities after a lengthy period of failed nonoperative management in the setting of marked deformity of the scapula.
Surgical Technique
The patients were placed in a lateral decubitus position, leaning slightly prone on a beanbag in a ''floppy forward'' position. The injured upper extremity was positioned on an arm board for support in a forward-flexed, 90°position and abducted over BoneFoam upper extremity positioners (Excel Medical Solutions, Minneapolis, MN). The entire shoulder, neck, and posterior hemithorax were prepped into the field permitting for manipulation of the upper extremity and access to the shoulder. A posterior Judet approach was used in all cases, allowing the infraspinatus and teres minor muscles to be elevated off the vertebral scapular border and retracted on the neurovascular pedicle coursing through the spinoglenoid notch. Great care was taken to protect these structures and avoid injury in this danger zone. 34 A large Deaver and Hohmann retractor, strategically placed, was used to expose the scapula neck and body while minimizing risk to the nerve and vessel (Fig. 3A) .
A series of osteotomies were made along the original fracture pattern using a sagittal saw or an osteotome through multiple drill holes. Ectopic bone formation encountered was removed and stored in saline solution for later use as bone graft.
A lamina spreader was then used to complete the osteotomies. Once the primary fracture patterns were recreated, the osteotomy sites were further debrided to better delineate the true fracture lines, therefore allowing for anatomic realignment of the fragments. The displaced fragments were reduced by placing a 4-cm Schanz pin in the glenoid neck and one in the lateral border distal to the osteotomy. A small external fixator with the aid of multiple reduction clamps was necessary to obtain an anatomic alignment and achieve compression at the fracture sites (Fig. 3B) .
Fixation was achieved by application of a 3.5-mm dynamic compression plate spanning the osteotomy site at the inferior glenoid neck/lateral border. This lateral fixation was then supplemented by a second 2.7-mm reconstruction plate (Fig. 3C) . Fixation was achieved medially by applying a 2.7-mm reconstruction plate at the angle formed by the medial extent of the acromial spine and the medial border. If there was extension down into the inferior angle of the scapula body, an additional 2.7-mm reconstruction plate was applied for fixation.
Autogenous bone graft was mixed with the ectopic bone extracted from the malunion site during osteotomy preparation. This autogenous bone graft was then mixed with 20 to 30 mL platelet-rich plasma. This mixture was then used to fill in large defects in the scapula after the scapula reorientation and fixation was achieved.
In the two patients who had ipsilateral clavicle fractures, these injuries had previously healed in both cases as well. As a result of displacement, one clavicle was reconstructed as part of the whole surgical solution, aiding in correcting the global shoulder deformity. A small fragment dynamic compression plate was used for fixation, realignment was established, and the approximate 2 cm of overlap corrected. No bone grafting was required at this site. In the second patient, the clavicle was united with minimal displacement and did not require reconstruction.
All surgical sites were closed over a suction drain. At completion, manipulation of the shoulder was performed to break apart longstanding intrinsic and extrinsic adhesions and scar tissue.
Postoperatively, all patients were placed in a sling only for comfort and early physical therapy was initiated after the first postoperative visit. The therapy protocol began with passive and active-assisted ROM exercises for a period of 1 month followed by active ROM and repetition exercises for 1 month. Resistance and gradual strengthening exercises beginning with 3-to 5-lb weights were started after 2 months. All restrictions were removed by 3 months.
Biplanar radiography consisting of AP, scapula Y, and axillary radiographs were obtained postoperatively and at the 6-and 12-week follow-up appointments. Only AP radiographs were obtained at subsequent office visits (Fig. 3D) . In all cases, the success of reduction was judged from comparisons of preoperative versus postoperative radiographs and by comparison with the radiographs of the contralateral side. Fracture union was defined as consolidation of the osteotomy sites on x-ray.
Functional outcomes were measured at each follow-up, including shoulder ROM and strength. Patient outcome instruments of the DASH and SF-36 questionnaires were also obtained at follow-up along with documentation of any 
RESULTS
The mean duration from injury to surgery was 15 months (range, 8-41 months) and from surgery to final follow-up was 39 months (range, 18-101 months) ( Table 2 ). There were no operative complications. The mean estimated blood loss was 569 mL (range, 350-1125 mL). Radiographic evaluation at follow-up showed complete fracture union in all five patients. Table 2 provides a summary of preoperative and postoperative anatomical characteristic measurements. The difference in the preoperative mean to the postoperative mean was found to be significant in all three anatomic measures (P , 0.05) ( Table 2 ).
All five patients underwent ROM and strength testing postoperatively at their follow-up visits and completed the DASH and SF-36 questionnaires. The functional measures of ROM and strength for forward flexion, abduction, and external rotation are illustrated in comparison to the contralateral (uninjured) shoulder in Figure 4 . Internal rotation of the injured shoulder was also recorded (measured to the highest possible level of the spine which the patient can reach with the thumb) preoperatively at T4 (n = 1), T10 (n = 3), and S1 (n = 1). At latest follow-up, these measures had improved to T1 (n = 1), T2 (n = 3), and T5 (n = 1) internal rotation. For all patients, the DASH scores improved at the final follow-up visit. A higher score represents greater disability, with the mean normative DASH score for the uninjured population being 10.1 35 (Fig. 4) . In addition, there was a remarkable improvement in the mean SF-36 scores in all eight parameters assessed such that the mean scores were comparable to that of the normal population.
The mean preoperative ROM and strength measures for the injured shoulder were found to be significantly different from the mean ROM and strength measures of the opposite (uninjured) shoulder in five of the six functional measures. At the time of latest follow-up, the mean ROM and strength measures for the operative (injured) shoulder were found to have a significant difference in only one of the six measures when compared with the opposite (uninjured) shoulder. Finally, in comparing the preoperative measures of the injured shoulder with the postoperative measures of that same shoulder, the mean values improved in all six measures, but the improvement only became significant in two of the six measures (Table 3) .
At the latest follow-up, all five patients reported a high satisfaction with their overall result and stated that they would opt to have the surgery again under the same circumstances. All patients were pain-free with regard to their injured shoulder. Four of the five patients returned to their original occupation and recreational activities with no difficulties. One patient attributed his inability to return to work as a truck driver on a lower back condition related to spine fractures, which also occurred at the time of his scapula fracture. Although his shoulder function improved, he did have residual loss of motion, stiffness, weakness, and fatigability. A second patient showed radiographic evidence of ectopic bone formation around the osteotomy site, although the patient denied any symptoms relating to this.
DISCUSSION
Most extra-articular fractures of the scapula with minimal displacement can be adequately managed nonoperatively. [4] [5] [6] [7] On the other hand, it is likely that there exists some degree of angular deformity and displacement that results in muscle imbalance around the shoulder girdle, which would in turn lead to symptomatic shoulder function. To date, this degree of displacement and angulation has not been identified. In a biomechanical finite element analysis of scapular neck malunions, Chadwick and colleagues found that inferior rotation of the glenoid neck severely affected function of the rotator cuff muscles. To compensate for the loss of Intraoperative illustration displaying the application of a small external fixator used to maintain the desired reduction at the lateral border of the scapula. Oftentimes this is necessary to overcome the opposing muscular forces. (For orientation purposes, the solid arrow is at the superomedial angle. The reconstruction plate extends distally toward the inferior angle and medially along the scapular spine.) (C) After corrective osteotomy is performed and the fragments are reduced anatomically, fixation is achieved at the lateral border with a 3.5-mm dynamic compression plate with conventional or locking screw and supplemented with a 2.7-mm reconstruction plate with conventional or locking screws. In this case, an additional 3.5-mm reconstruction plate was applied for fixation of a fracture extending down through the inferior angle. (For orientations purposes, the solid arrow is at the superomedial angle and the dashed arrow is at the spinoglenoid notch.) (D) Anteroposterior (AP) radiograph taken at the 32-month follow-up visit showing complete healing of the scapula in an anatomic alignment with no evidence of hardware loosening. shoulder stability, as a result of poor rotator cuff function, there were abnormal patterns of muscle activation about the shoulder. 36 Ada and Miller 8 found that patients with displaced scapular neck fractures often experienced weakness with overhead activities, subacromial pain, and decreased shoulder motion. They recommended operative fixation of glenoid neck fractures with greater than 9 mm of medialization or 40°of angulation as operative criteria. Nordqvist and Petersson 9 reported on long-term clinical follow-up of 68 patients treated nonoperatively. Twenty-five percent of these patients had residual shoulder disability with regard to pain and shoulder mobility. They determined that residual scapula deformity correlated with compromised clinical results and that scapular neck fractures are more likely to have a less favorable result than scapula body fractures. They found that in their series 40% of the patients with scapula malunion reported persistent significant pain compared with 11% in cases that united without significant deformity. Romero et al 12 also found that malunion of the glenoid neck resulting in rotational malalignment of the glenoid (glenopolar angle less than 20°) correlated with poor clinical results according to the Constant and Murley score. 37 Similarly, Bozkurt et al 15 found that patients with a decreased glenopolar angle after nonoperative treatment of scapula neck fractures had poor functional outcomes according to the Constant and Murley score.
Van Noort et al 13 reported functional outcomes on 28 patients treated nonoperatively and seven patients treated operatively for an ipsilateral scapula and clavicle fracture. The mean Constant and Murley score was 76 for nonoperatively managed patients and 71 for operatively managed patients. Six of the 28 conservatively managed fractures resulted in malunion of the glenoid with a mean score of 42. They found that inferior displacement of the glenoid in fractures of the neck was a negative prognostic factor. Interestingly, although our patients did not have true scapula neck fractures such that the glenoid is dissociated from the scapula body, the complex fractures of the scapular body resulted in glenoid malrotation as well as inferior and medial displacement of the glenoid, similar to that which is seen in a scapula neck fracture.
There have been three prior single case reports of scapular osteotomy for malunion. Wilkes and Halawa 10 performed clavicle and scapular neck osteotomies for a case of floating shoulder 3 months after unsuccessful nonoperative treatment. The patient had limited abduction and a deformed shoulder, both of which improved postoperatively. Martin and Weiland 11 performed a corrective osteotomy with resection of the inferior scapula body 23 years after injury. The patient had a malunion of the inferior scapula body with associated heterotopic ossification extending to the thoracic wall, resulting in pain, limited motion, and crepitation of the shoulder. Postoperatively, symptoms resolved completely and complete motion of the shoulder was restored. Haraguchi et al 14 reported on a case of intra-articular glenoid and scapular body fracture (Ideberg V) that healed with a 7-mm intra-articular stepoff after conservative treatment. They performed a corrective osteotomy with bone grafting through a deltopectoral approach. Postoperatively, the patient had marked improvement in shoulder function as evidenced by significant improvements in the UCLA Shoulder and Constant and Murley scores.
The complexity of diagnosis for patients with scapula fractures is underscored by the lack of literature describing deformity for this condition. We recommend use of CT scan with 3D reconstruction to best discern original fracture patterns and quantify the deformity. Once the deformity is understood and correlated to physical findings, the surgeon must then decide how to approach that deformity in a way that maximizes access while minimizing risk. We performed the posterior Judet approach for execution of the corrective osteotomies followed by fixation and iliac crest bone grafting to fill voids left by bone fragment rotation. To our knowledge, this is the first report in the literature to examine patient-based outcomes in patients presenting with a symptomatic malunion of the scapula before and after operative treatment. Our results show that restoration of original anatomy through reconstruction results in resolution of symptoms and significant improvement in shoulder function and patient satisfaction.
The marked improvement in this study cohort implies that there exists a subset of patients with displaced scapula fractures that may benefit from operative treatment in the acute setting to prevent chronic symptoms and long-term shoulder disability, although clearly this study does not define what degree of deformity that is. In a previous study we determined that patients who underwent surgical treatment for a displaced scapula fractures showed excellent outcomes even when treated subacutely in a delayed manner. 24 The current study pushes the operative time from injury yet further. The mean estimated blood loss in the current study was 569 mL. Not surprisingly, this was more than the 477 mL estimated blood loss reported in the earlier article in which 22 patients underwent open reduction and internal fixation between 21 and 90 days from injury. 24 Although there are several reported indications for surgical treatment of scapula fractures, there is currently no study that has proven the relative benefits of operative versus nonoperative treatment. Future studies are needed to determine accurately which subgroups warrant acute surgical treatment.
The main limitation of this study is that we are reporting on a small series of patients and therefore we neither define the true complication rate associated with this treatment nor indentify which patients are more or less likely to have a positive outcome after corrective surgery. Furthermore, we have relatively short follow-up in two of the five patients (less than 24 months) and therefore it is possible that their results may deteriorate over time. We cannot make definitive recommendations as to the primary treatment of displaced extra-articular scapula fractures because we do not know the incidence with which symptomatic malunion occurs nor do we know which patients are more likely to have a poor outcome if managed nonoperatively. Careful patient selection is necessary to determine who may benefit from corrective surgery as is the case with any procedure.
In conclusion, malunion of the scapula is not well tolerated in certain patients and can present with shoulder pain, weakness, fatigability, disability, and gross deformity. In selected patients, corrective osteotomy followed by fixation and bone grafting can be safe and effective in restoring scapula anatomy, decreasing symptoms, and improving shoulder function.
